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Occurrence of Harmonia axyridis (Coleoptera: Coccinellidae) in field crops
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Abstract. The Multicoloured Asian Ladybird, Harmonia axyridis Pallas (Coleoptera: Coccinellidae) is known to thrive principally
in shrubby and arboreal habitats. This study focuses on the occurrence of this exotic species and its seasonal abundance in various
field crops. The abundance of adults, larvae and pupae of H. axyridis was evaluated over a three-year period, from 2009 to 2011, in
four important agronomical crops (wheat, corn, broad bean and potato) in Belgium. From May to September, 48 1-m? quadrats were
visually inspected in each of the fields sampled on several farms every seven days. H. axyridis colonized and reproduced in all of the
four crops studied, with the largest numbers recorded in corn and broad bean crops. Larvae and adults of H. axyridis were recorded
mainly in corn and to a much less extent in wheat and potato crops. From 2009 to 2011, the mean weekly abundance of H. ayxridis
remained constant except in corn crops, where the recorded densities of all the immature stages and adults were higher in 2011 than
in 2009. The population dynamics of aphids and H. axyridis are well described by a symmetric logistic function (S-shape) of cumu-
lative population size. H. axyridis was not always recorded where aphids were abundant, e.g. aphids were abundant on wheat where
no H. axyridis were recorded. H. axyridis start reproducing after the peak in aphid population, suggesting that H. axyridis is able to
complete its development by feeding on alternative prey such as larvae and pupae of the same and other species of ladybird and
other aphidophagous species. H. axyridis is often considered to be bivoltine but it only completes one generation per year in field

crops. The second generation generally develops late in the season in other habitats.

INTRODUCTION

At the end of the 20th century, the Multicoloured Asian
ladybird Harmonia axyridis Pallas (Coleoptera: Coccinel-
lidae), a native species of Asia, was introduced into North
America and Europe as a biological control agent of
aphids and coccids (Adriaens et al., 2008; Brown et al.,
2008a, 2011) because its larvae are both voracious and
polyphagous (Ferran & Dixon, 1993). It has successfully
invaded 26 European, nine American and three African
countries (Brown et al., 2011). In Belgium, H. axyridis
was first observed in field crops (potatoes) in 2003
(Jansen & Warnier, 2004). H. axyridis is often considered
to be semi-arboreal (Hodek, 1973) but it has become
ubiquitous in many parts of the world including America,
Europe and Africa (Brown et al., 2011) where it occurs in
agricultural areas (Colunga-Garcia & Gage, 1998; Lucas
et al., 2007), riparian zones (Adriaens et al., 2008) and
orchards (Michaud, 2002; Burgio et al., 2008).

H. axyridis has been introduced as a biological control
agent of various pests on crops such as pecan (Tedders &
Schaefer, 1994), red pine (McClure, 1987), apple (Brown
& Miller, 1998), soybeans, sweet corn (Musser &
Shelton, 2003), alfalfa (Buntin & Bouton, 1997; Colunga-
Garcia & Gage, 1998), cotton (Wells et al., 2001),
tobacco (Wells & McPherson, 1999) and winter wheat
(Colunga-Garcia & Gage, 1998). Its great dispersal ability
has enabled it to rapidly colonize large areas (Tedders &
Schaefer, 1994; Koch, 2003).

In Belgium, H. axyridis is one of the five most abun-
dant aphidophagous species in field crops such as corn,
wheat, potato and broad bean. There is relatively little
information on its phenology as it has only been studied
in a few field crops in Belgium, e.g. potato (Jansen &
Hautier, 2008), green pea and wheat, and in stands of
stinging nettle (Alhmedi et al., 2009).

H. axyridis has the ability to colonize new habitats and
is a very competitive species, being frequently reported as
a predator of native species (Phoofolo & Obrycki, 1998;
Sloggett et al., 2009; Wells et al., 2010; Ingels & De
Clercq, 2011). With the increase in the abundance of H.
axyridis there have been reports of a decline in the abun-
dance of native aphidophagous ladybirds (4dalia bipunc-
tata Linné) (Ottart, 2005; Roy et al., 2012).

Predators and prey species are naturally synchronised
(Tenhumberg & Poehling, 1995) but field observations
indicate that H. axyridis arrive later than other ladybirds
and the peak in the number of its larvae occurs after the
aphid peak (Jansen & Hautier, 2008).

There are many European (Adriaens et al., 2008) and
American (Colunga-Garcia & Gage, 1998) studies on the
ecology of H. axyridis, but its colonization of field crops
is poorly understood. In this study, we quantified and
compared the abundance of H. axyridis in four important
crops: wheat, corn, potato and broad bean, over a period
of three-years. We further studied the changes in abun-
dance of each developmental stage during one year in the
different habitats. A phenological model was used to
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TasBtE 1. Logistic and Gompertz equations with their parameters (see text for explanation of parameters M, a and b).
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describe population growth in the year 2011. Finally, we
discuss the potential effect of H. axyridis on native spe-
cies during periods when food is scarce.

MATERIAL AND METHODS

Field crops sampled and sampling method

Populations of H. axyridis were sampled from 2009 to 2011
in a Belgian agricultural production area called Hesbaye. In this
area, nine fields of four crops were chosen for their agronomic
importance: wheat Triticum aestivum (L.); corn Zea mays (L.);
potato Solanum tuberosum; (L.) and broad bean Vicia faba (L.).
All crop fields received conventional treatments to control pests.
The sampling period for wheat and broad bean was from
mid-May to late August, and for corn and potato from mid-May
to late September.

The method used to monitor and assess the numbers of preda-
tors and aphids consisted of visual whole-plant inspections of
the plants in 48 1-m? quadrats per crop. The number of quadrats
sampled in a field was a function of the area of the field. The
quadrats were distributed randomly throughout the fields. In
order to avoid the influence of other nearby crops quadrats were
not placed within 20 m of the border of each field. All quadrats
were examined every week. Visual sampling was conducted as
it provides an easy and accurate method of estimating the num-
bers of larvae and adults of coccinellids in field crops (Michels
& Behle, 1992). Quadrats were located along transect lines
across each field and spaced 20 m apart. All leaves and stems
within the quadrat were examined and all aphids and aphido-
phagous insects were recorded. Eggs were counted individually
rather than per clutch. Eggs, first instar larvae and pupae were
brought back in order to let them develop under laboratory con-
ditions (T = 24 + 1°C; HR = 75 + 5%) for identification to spe-
cies level. Aphid species were also determined and their
population densities evaluated: aphids were counted on all
leaves and stems at the same time as the aphidophagous insects
were sampled.

Statistical analyses

The mean numbers of H. axyridis per crop and per period of
observation were calculated per quadrat. As mean densities
recorded per 1 m? were low, values per 100 m? are presented.
This mean number was also determined within each crop for
each season, and analysed using an Analysis of Variance
(ANOVA) with crop (q = 4) and years (n = 3) as factors
(o0 =0.05). Mean numbers of aphid predators were compared by
Least Square Differences (LSD). To explain variations in
predator abundances, the mean abundance per species was then
analysed using Analysis of Covariance (ANCOVA: General
Linear Models) with years (n = 3) as factors (o = 0.05) and
aphid densities as a co-variable. The distribution of data (count-
ing) was asymmetric and had to be log((x + 1) transformed
before analysis. Although statistical analyses were performed on
the transformed data, the untransformed data are presented in
Figs 1-5. Statistical analyses were carried out using Minitab®
15.1.30.0 (State College, PA, USA).
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Phenological model

Prey and predator species specialized in the exploitation of
ephemeral resources can be modelled using Pearl-Verhulst
models (Matis et al., 2009). From this model, logistic and Gom-
pertz curves are commonly used to describe phenology and
population growth in fish, birds and mammals (Lopez et al.,
2000; Darmani Kuhi et al., 2003; Phoofolo et al., 2009). The
phenological observations are distributed following roughly
bell-shaped curves. Instead of adjusting these models, we chose
to work with cumulative population sizes and then integrated
distributional functions, which are easier and more robust to fit.
The resulting sigmoid functions (S-shapes) provide population
parameters corresponding to charateristic phenological points,
e.g. the inflection point, which gives the maximum specific
population peak (Debouche, 1979). The parameters permit a
description and comparison over time of population phenology.

For 2011, we described the H. axyridis and aphid cumulative
population sizes using logistic and Gompertz growth curves
(Debouche, 1979). These two equations are composed of three
mathematical constants: M, maximum densities; a, abscise of
the inflection point; and b, measure of population spread (Table
1). The choice of the best adjusted model was based on the
lowest residual sum of square (RSS) (e.g. Zwietering et al.,
1990). Factors used to compare growth trajectories are coordi-
nates: cumulative temperature (Temperatures were measured
each hour and a mean daily temperature was calculated. The
cumulative temperature is the sum of these daily temperatures.);
cumulative densities, values of maximum growth rate (Vmax)
and mean growth rate (Vm) and time (T) (Winsor, 1932). The
temperatures were first recorded on May 17th, 2011.

RESULTS

Population changes and habitat preferences

Very few individuals of H. axyridis were recorded in
wheat and potato, but some larvae were recorded indi-
cating that reproduction occurred in these crops (Figs 1
and 2). However, there are too few data to support statis-

TaBLE 2. Summary of the results of the ANOVA of the den-
sity of H. axyridis recorded in corn and broad bean crops over a
period of three years (2009, 2010 and 2011). The Crop column
records the crop where H. axyridis was the most abundant (C —
corn). (P values obtained using the GLM ns: P > 0.05, * P <
0.05, *** P <0.001).

Year F P Crops
2009 1.43 (1,245) ns

Larvae 2010 4.43 (1,1168) * C
2011 44.54 (1,1307) ** C
2009 0.11 (1,245) ns

Adults 2010 0.15 (1,1168) ns
2011 16.74 (1,1307) Hak C
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Fig. 1. Mean number (+ SE) of H. axyridis larvae recorded in
corn, wheat, potato and broad bean crops in 2009, 2010 and
2011. Means for a crop followed by the same letter do not differ
significantly, P > 0.05, LSD test; n.s. = not significant.

tical analyses such as ANOVA and LSD. Corn and broad
bean were the two crops with the most H. axyridis. Over
the three years of the study more larvae of H. axyridis
were recorded on broad bean than corn (Table 2). In
2009, no H. axyridis were recorded on broad bean (t,17 =
2.85; p-value = 0.0024). In corn crops, the numbers of
larvae varied significantly from 2009 to 2011 (F2700 =
39.99, P < 0.001) with an increase in 2011 (70.8 + 6.6
larvae per 100 m?) compared to 2010 (13.3 + 2.8 larvae
per 100 m?) (P < 0.05; LSD) (Fig. 1). Similarly in 2011
there were more adults in corn than broad bean crops
(Table 2). The density in 2011 was 19.98 £ 1.80 indi-
viduals per 100 m?, which is significantly higher than the
7.8 £ 2.0 and 3.9 + 0.9, respectively, recorded in 2009
and 2010 (F%,1700= 14.53, P <0.001) (Fig. 2).

The ANCOVA analyses highlighted two things: (1) a
linear relationship between abundance of aphids and
number of adults of H. axyridis recorded on corn (Puphiss <
0.05, ANCOVA) and (2) annual changes in the abun-
dance of larvae (F»i170s = 41.24; Pyearsiapnias < 0.001) and
adult predators on corn (Fai7os = 15.36; Prewsuphias <
0.001). The linear relation between the abundance of
aphids and H. axyridis indicates that on average the
higher the abundance of aphids the more H. axyridis are
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Fig. 2. Mean number (+ SE) of adult H. axyridis recorded in
corn, wheat, potato and broad bean crops in 2009, 2010 and
2011. Means for a crop followed by the same letter do not differ
significantly, P > 0.05, LSD test; n.s. = not significant.
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Fig. 3. Trends in time in the numbers of H. axyridis recorded
in corn crops in 2009 (A), 2010 (B) and 2011 (C) (grey plain
line — aphids, dotted — larvae, dashed — pupae, dotted/dashed —
adults).

recorded. The exact relation can be more complex, with
for example a shift or a nonlinear tendency.

Phenology

The phenology of H. axyridis was studied only in corn
(Fig. 3) and broad bean crops (Fig. 4), where sufficient
numbers of this ladybird were recorded (with densities
higher than 5 individuals per 100 m?).

In corn, depending on the year, adults appeared
between mid-June and early July and there were two
peaks in abundance, the first in July and the second in
August. Adults were recorded up to the end of August in
2010 and 2011 and mid-September in 2009. Larvae were
recorded from end of June to early September, except in
2009 when no larvae were recorded after mid-August.
There was one peak in the numbers of larvae, which was
recorded each year at the beginning of July. Depending
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Fig. 4. Trends in time in the numbers of H. axyridis recorded
in broad bean crops in 2009 (A), 2010 (B) and 2011 (C) (grey
plain line — aphids, dotted — larvae, dashed — pupae,
dotted/dashed — adults).

on the year, adult emergence occurred from mid-August
until early September.

In broad bean crops, adults were recorded between June
1 and June 23, depending on the year (Fig. 4). There were
two peaks in the numbers of adults, the first at the end of
June and second at the end of July. Larvae were recorded
in mid-June in 2011 (Fig. 4C) and mid-July in 2010 (Fig.
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Fig. 5. Relationships between cumulative temperature (°C)
and cumulative abundance of larvae and adults of H. axyridis
and aphids recorded in broad bean and corn crops. (line — corn,
dote — broad bean, circles — aphids, squares — H. axyridis adult,
diamonds — H. axyridis larvae).

4B). The larvae were recorded over a period of two
weeks in 2010 and five weeks in 2011.

Aphids were recorded earlier on corn in 2011 (18"
May) (Fig. 3C) than 2009 (27th June) (Fig. 3A) and 2010
(16th June) (Fig. 3B). There was a decrease in aphid
numbers and an increase in the numbers of larvae at the
end of June. Similar trends were recorded on broad bean
crops but aphids were recorded earlier on beans in 2011
(before 19™ May) (Fig. 4C). The numbers of aphids
started to decrease in June before H. axyridis started
reproducing (Fig. 4B, C).

Phenological model

The change in the numbers of both aphids and preda-
tors on broad bean and corn was linked to cumulative
temperature. Two models (logistic and Gompertz) were
compared using the values of their residual sum of
squares (RSS). Both of these models fit the data well as
their RSSs are low. Nevertheless, we decided to use the
logistic model to analyze the growth trajectory because it
has the lowest RSS for the aphid and predator data (Table
3). The logistic curves are sigmoidal in shape and the
inflection point occurs earlier in the data recorded for
aphids, larvae and adults of H. axyridis on broad bean
than on corn (Table 4 and Fig. 5). This reflects the earlier
development of both prey and predator on broad bean
than on corn. The peak larval populations were recorded
at 426 and 466 degree-days after those of aphids on broad
bean and corn, respectively. The peak larval population
growth rate recorded on corn was 0.052 and twice the
0.025 predators/m?/degree-day recorded on broad bean.
The length of larval activities was similar in the two cul-

TasLE 3. Fit and RSS values of the phenological model of H. axyridis abundance recorded in broad bean and corn crops.
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TaBLE 4. The phenological factors determining the trajectories of H. axyridis and aphid abundance recorded in broad bean and

corn crops.
Broad bean Corn

Larvae Adults Aphids Larvae Adults Aphids
Function Logistique Logistique Logistique Logistique Logistique Logisitque
a 758,47 736,44 332,62 1020,98 1069,60 554,90
b 90,51 93,42 100,29 97,07 187,40 52,72
M 9,08 2,23 1895,21 20,20 8,71 5917,17
Vmax coordinates (758.47,4.54) (736.44,1.12) (332.62,947.61)  (1020.9, 10.1) (1069.6,4.35) (554.89,2958.58)
Vmax (aphidophages/m?) 0,025 0,006 4,724 0,052 0,012 28,059
Vm (aphidophages/m?) 0,017 0,004 3,150 0,035 0,008 18,706
T (degree-day) 543,06 560,52 601,74 582,40 1124,40 316,33

tures despite differences in length of aphid activities,
which were two times higher in broad bean than in corn
(Table 4).

DISCUSSION

Over a period of three years the numbers of H. axyridis
in four crops (broad bean, corn, wheat and potato) were
recorded in the southern part of Belgium. Our data show
that this exotic ladybird regularly occurs in these field
crops. Previous studies on H. axyridis indicate that this
species is more frequently found in urban and arboreal
habitats (65.6%) than on herbaceous plants (34.4%)
(LaMana & Miller, 1996; Adriaens et al., 2008). In addi-
tion to arboreal habitats, it is also recorded in field crops
such as wheat, corn and potato (LaMana & Miller, 1996;
Buntin & Bouton, 1997; Colunga-Garcia & Gage, 1998;
Michaud, 2002; Brown, 2003; Nault & Kennedy, 2003;
Snyder et al., 2004; Jansen & Hautier, 2008), and also in
various natural or semi-natural herbaceous habitats, such
as nettle beds, clover or peppermint (LaMana & Miller,
1996; Koch et al., 2006; Alhmedi et al., 2007).

H. axyridis larvae and adults were recorded in all of the
four crops sampled but were less prevalent in potato and
wheat crops, where less than one individual per 100 m?
were recorded. Their reproduction in these two crops was
limited and did not vary during the three years of this
study. Other studies have shown that they tend to repro-
duce where aphids are abundant (Evans & Gunther, 2005;
Jansen & Hautier, 2008). However, even when aphids
were present in significant numbers on wheat, we
recorded very few H. axyridis. The use of insecticides to
control aphid populations on wheat is unlikely to be the
cause of the low numbers of H. axyridis because after the
insecticide application there were many individuals of
other species. It is likely that the abiotic conditions in
wheat, associated with high plant density (low brightness,
high humidity), are not suitable for H. axyridis. The num-
bers of H. axyridis recorded on potato were also low,
which was possibly due to the low availability of food on
potato and some of the plant’s characteristics. Indeed, the
distribution of predators and prey and their interactions
can be influenced by the trichomes on potato plants
(Lucas, 2005). Other factors may account for the choice
of habitat by H. axyridis: abiotic ones such as landscape

structure (Gardiner et al., 2009), insolation and humidity
(Hongk, 1985), quantity and quality of host plants
(Alhmedi et al., 2009), aphid species and their abundance
(Wright & Laing, 1980; Hon¢k, 1982; Thalji, 2006) and
adjacent habitats (Colignon et al., 2001; Alhmedi et al.,
2009).

In this study the species of aphids on the different crops
were not the same. There were four species on wheat and
broad bean, five and eight on corn and potato, respec-
tively (Table 5). Nevertheless, it is not possible to draw
any conclusions about the influence of these differences
on the habitat preferences of H. axyridis as in our study
and that of Alhmedi et al. (2007) no H. axyridis were
recorded on wheat, a crop heavily infested with aphids
whereas H. axyridis colonizes and reproduces in potato
crops that are not infested with aphids (Nault & Kennedy,
2003). Other studies record H. axyridis in the same crops
as we studied but at lower densities: 0.02, 0.03 and 0.01
individuals per m? in wheat, potato and corn crops,
respectively (Nault & Kennedy, 2003).

Recording the numbers of H. axyridis over long periods
of time is of interest if we want to confirm that this spe-
cies is continuing to increase in abundance. Studies on

TABLE 5. Aphid species diversity recorded in the four crops
sampled.

Wheat Corn Potato Broad
bean

Acyrthosiphon pisum Harris X X
Aphis craccivora Koch X
Aphis fabae Scopoli X X X X
Aphis frangulae Kaltenbach X
Aphis nasturtii Kaltenbach X
Macrosiphum euphorbiae Thomas X
Megoura viciae Buckton X X
Metopolophium dirhodum Walker X X X
Mpyzus persicae Sulzer X
Rhopalosiphum maidis Fitch X
Rhopalosiphum padi L. X
Sitobion avenae Fabricius X
Sitobion fragariae Walker X X
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habitats other than crops indicate that since 2001 the
numbers of H. axyridis in Belgium have increased (Adri-
aens et al., 2008). The variations in annual abundance of
larvae in corn crops revealed by the ANCOVA analysis
seem to be firstly linked to aphid abundance: larval num-
bers reflect number of eggs laid, which could reflect
aphid abundance when adults are present early in the
year. Secondly, larval abundance could also be due to a
natural increase in the number of individuals in the land-
scape with continuing reproduction from year to year.
Annual changes in H. axyridis abundance are also
recorded in field crops in Quebec, where the percentage
of H. axyridis was 55.4% in 2002 and 16.7% in 2003
(Lucas et al., 2007) and absent in potato crops in 2006,
which followed a year when this species was abundant on
this crop.

Regarding the phenology of the occurrence of adults of
H. axyridis in corn and broad bean crops there are two
peaks in abundance between their arrival in June and
departure in September. The first peak consists of indi-
viduals that emerged from overwintering sites and were
searching for food. The second peak consists of indi-
viduals that are the offspring of the overwintering adults.
That is in the crops sampled H. axyridis only completed a
single generation per year. However, in Europe, H. axy-
ridis is known to be multivoltine, with two generations
per year in Great Britain (Brown et al., 2008b) and France
(Ongagna et al., 1993) and up to four generations in
Greece (Katsoyannos et al., 1997). It is likely that Bel-
gian H. axyridis are bivoltine as there are two peaks in the
abundance of larvae, one in July and one in October
(Adriaens et al., 2008). The second peak in the numbers
of larvae is not recorded in field crops because their
growing season only lasts until September.

The first peak in the numbers of larvae occurred 21
days after the aphid population peaked. That is, the num-
bers of H. axyridis were not synchronised with aphid
abundance, as previously reported by Jansen & Hautier
(2008) in potato crops. H. axyridis larvae are able to
reach the adult stage in the absence of aphids by feeding
on alternative prey. The alternative food can be pollen
(Berkvens et al., 2008) or other aphidophagous predators
such as Coccinella septempunctata, Adalia bipunctata,
Propylea quatuordecimpunctata or Episyrphus balteatus
(Phoofolo & Obrycki, 1998; Wells et al., 2010; Hautier et
al., 2011; Ingels & De Clercq, 2011). We observed H.
axyridis feeding on syrphid and coccinellid pupae, and
Colorado beetle larvae in potato crops. Indeed, other
aphidophagous predators, such as C. septempunctata, P.
quatuordecimpunctata, larvae of E. balteatus and
Chrysopa carnea, were more abundant in most crops and
most years than H. axyridis.

H. axyridis adults arrived in and left broad bean crops
earlier than corn crops. The difference in its phenology in
these two crops might be due, among other aspects, to
differences in the phenology of these two crops and char-
acteristics of the surrounding environment (Colignon et
al., 2001; Alhmedi et al., 2009). It is likely that the H.
axyridis adults that leave broad bean early (20/7) colonize
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other crops such as corn. Indeed, H. axyridis is a good
flyer (Hodek et al., 1993), with a high dispersal capacity
(With et al., 2002).

Logistic and Gompertz curves adequately describe the
changes in the numbers of aphids and aphidophagous
predators in corn and broad bean crops. These equations
are based on the Pearl-Verhulst logistic equation, widely
used to model density dependent population growth
(Matis et al., 2009). Despite the fact that the RSS value of
the fit of the Gompertz model to the numbers of adult H.
axyridis on broad bean and of larvae on corn was lower
than the value for the logistic model we used the latter for
two reasons: (1) the RSS values of the fit of the logistic
model were not different from those of the Gompertz
model and (2) the rapid decrease in aphid abundance
implies a rapid increase in the abundance predatory
larvae. This growth trajectory corresponds to a symmetric
population characterised by logistic curves.

H. axyridis abundance and phenology in the field crops
sampled reveal that (1) H. axyridis is able to complete its
development in corn and broad bean crops; (2) its phe-
nology in corn and in broad bean crops differ and it is
likely this is due to several factors including crop phe-
nology and nature of the surrounding habitats; (3) larvae
of H. axyridis can complete their development even when
aphids are scarce, which indicates its larvae are able to
feed on alternative prey such as other aphidophagous
predators or pollen. This study appears to strengthen the
hypothesis that H. axyridis can also inhabit field crops.
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